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(g) Non-volatile memory thermal printer cartridge. 

@ A non-volatile memory is mounted on a 
cartridge for a thermal printer and includes 
color correction and carrier defect data which 
are used by the printer to make prints. 
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Field of the Invention 

The present invention relates to thermal printers 
for printing colored images which uses a carrier hav- 
ing a repeating series of spaced dye frames of differ- 
ent colored dyes. 

BACKGROUND OF THE INVENTION 

In one type of thermal printing which prints col- 
ored images, a carrier contains a repeating series of 
spaced frames of different colored heat transferrable 
dyes. In such apparatus, the carrier is disposed be- 
tween the receiver and a print head formed of, for ex- 
ample, a plurality of individual heating elements. 
When a particular heating element is actuated, it pro- 
duces heat and causes dye from the carrier to trans- 
fer to the receiver. The density or darkness of printed 
colored dye is a function of the energy delivered from 
the heating element to the carrier. 

Thermal dye transfer printers offer the advantage 
of true "continuous tone" dye density transfer. This re- 
sult is obtained by varying the energy applied from 
each heating element, yielding a variable dye density 
image pixel in the receiver. 

In order to produce a colored image, the carrier 
includes a repeating series of spaced colored dye 
frames. Such frames are often yellow, magenta and 
cyan dye frames. The carrier is typically mounted in 
a cartridge which includes take-up and supply spools. 
Underthe control of a microprocessor, the carrier and 
receiver are moved past the heating elements which 
are selectively actuated. 

There is a problem with this arrangement in that 
there sometimes are defective dye frames in the car- 
tridge. If a single dye frame in a series is defective, 
then an unsatisfactory print will be produced by the 
thermal printer. Another problem is that the color dye 
densities in the dye frames may vary from cartridge 
to cartridge. Since the print head is set up for a stan- 
dard series of dye frames, this also can caused less 
than satisfactory prints to be produced. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a simple 
and effective way of identifying a defective series of 
dye frames in a cartridge. 

It is a further object of this invention to provide for 
the correction of variations in dye densities from car- 
tridge to cartridge. 

This object is achieved in a thermal printer which 
uses a cartridge for mounting a carrier, such carrier 
having repeating series of dye frames of different col- 
ors and a receiver which receives dye from a series 
of spaced dye frames to form a colored image, such 
printer including a print head having one or more se- 
lectively actuable elements, means for moving the 



carrier and the receiver along respective paths so as 
to sequentially move each dye frame of a series and 
the receiver relative to the print head so that as the 
elements are actuated, dye from each dye frame of a 
5 series is transferred to the receiver and forms a col- 
ored image in the receiver, the improvement compris- 
ing: 

(a) means for identifying each particular dye 
frame series in the carrier and producing a sig- 

10 nal ; 

(b) non-volatile memory means associated with 
each cartridge and including data as to the loca- 
tion of each defective series of dye frames in the 
carrier; and 

15 (c) computer means responsive to the identifying 
signals and the stored defective series informa- 
tion for causing the carrier and receiver means to 
move only non-defective dye series frames in op- 
erative relation with the receiver when the print 
20 head is actuated. 

An advantage of this invention is that if a car- 
tridge is removed from the printer, it can be reinserted 
and it will control the carrier so that the only non-de- 
fective series are moved into operative position in the 
25 printer. 

Under current carrier production techniques, 
there can be variations of up to 15% in the dye color 
density from desired levels in carriers. Anot her impor- 
tant advantage is that, by having color correction data 
30 stored in each non-volatile memory for each car- 
tridge, the process can be controlled by using such 
stored color correcting data to minimize non-uniform- 
ities in output prints. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of a thermal printer which 
can be employed to make color images in a re- 
ceiver in accordance with this invention; 
40 FIG. 2 is a perspective of several heating ele- 
ments used in the print head of the printer of FIG. 
1; 

FIG. 3 shows a portion of a typical carrier, 
FIG. 4 is an exploded view of a cartridge contain- 
45 ing a nonvolatile memory which can be mounted 
in the printer of FIG. 1; and 
FIG. 5 is a flowchart for the correction for a de- 
fective series carrier by the printer of FIG. 1. 

50 DETAILED DESCRIPTION 

Referring to FIG. 1, the receiver member 12 is in 
the form of a sheet and is secured to a rota table drum 
16 which is mechanically coupled to a drive mecha- 
55 nism 15. The drive mechanism 15 continuously ad- 
vances the drum 16 and the receiver sheet 12 along 
a path past the stationary print head 1 8 during the cy- 
cle for actuating elements of the print head 18. 



2 



3 EP 0 562 979 A2 4 



Turning to FIG. 2, we see further details of print 
head 18. The print head in this embodiment includes 
a plurality of heating resistors 50 which are pressed 
against a carrier 14 and force the carrier against the 
receiver member 12. As shown in FIG. 2, when a 5 
switching element 54 is closed, a heating element 50 
is connected to a potential source V 8 and actuated. 
The amount of dye transferred is a function of the time 
switch 54 is closed. 

The carrier member is driven along a path from 10 
a supply spool 20 onto a take-up spool 22 by a drive 
mechanism 23 coupled to the take-up spool 22. The 
supply and take-up spools are shown in more detail 
in FIG. 4 which will be discussed later. For clarity of 
illustration, the cartridge has not been shown in FIG. 15 
1 . The drive mechanisms 1 5 and 23 each include mo- 
tors which respectively advance the carrier 14 and 
the receiver 12 in operative relation to the print head 
1 8 as the various heating elements are selectively ac- 
tuated to transfer dye. 20 

The carrier member 14 is as noted above formed 
with a repeating series of thermally transferable dye 
frames. As shown in FIG. 3, each series includes yel- 
low, magenta and cyan dye frames. A single series is 
of course used to print one colored image in the re- 25 
ceiver 12. As we will see, the present invention cor- 
rects for a defective series which would be when at 
least one dye frame has an incorrect dye color densi- 
ty. 

In this disclosure, the term "dye" refers to a col- 30 
ored material which transfers from the carrier to a re- 
ceiver in response to energy applied by individual ele- 
ments of the print head 18. Although the print head 
18 is shown as having heat resistor elements, those 
skilled in the art will understand that other sources of 35 
energy such as, diode laser array and individual las- 
ers have been and can be effectively used in accor- 
dance with this invention. After a colored image is 
formed in a receiver, the receiver will be referred to 
as a print 40 

Referring now to FIGS. 1 and 3, we see that each 
dye frame extends across the width of the carrier 14. 
The carrier 14 comprises a leader portion followed by 
a repeating series of dye frames. The dye frames are 
contiguous and each series includes in sequence yel- 45 
low, magenta and cyan dye frames. As shown, there 
are two LEDs 14a and 14b which illuminate the car- 
rier from above. LED 14a emits yellow light and LED 
14b emits red light. Photodetectors A and B are dis- 
posed below the carrier and receive light which pass- so 
es through the carrier. Photodetector A provides a 
signal to amplifier 17a and photodetector B provides 
a signal to amplifier 1 7b. Threshold detectors 17a and 
17b respectively are connected to the output of am- 
plifiers 17c and 17d. If the signal produced by an am- 55 
plrfier is above a predetermined threshold level, then 
a logic 1 is provided by the threshold level detector to 
a 11 computer (microcomputer) 17. If it is below a 



threshold level, then a logic 0 is provided to the mi- 
crocomputer 17. The microcomputer 17 in response 
to these signals identifies the start of series and each 
individual color dye frame in such series. For a more 
complete discussion of this identification, reference is 
made to commonly assigned U.S. Patent No. 
4,710,781 to Stephenson, the disclosure of which is 
incorporated by reference herein. It will be understood 
to those skilled in the art that other types of well 
known apparatus can be used to identify the start of 
each series of colored dye frames. See U.S. Patent 
No. 4,893,951. 

Turning now to FIG. 4, we see an exploded view 
of a cartridge 30 for the web-type carrier 1 4. The car- 
tridge includes a body 32 which may be formed of an 
injection molded plastic. The body 32 includes two 
pairs of identical, spaced-apart flanges 32a and 32b. 
Each of the flanges includes detents 34. Each detent 
is adapted to rotatably capture a spindle 36 of its cor- 
responding spool. The detent 34 is composed of two 
integral spring members 34a and 34b which deflect 
apart when the spindle 36 is inserted. After insertion, 
the spring members return to their free position and 
the spindle 36 is free to rotate, but is spatially retained 
within its corresponding flange. 

Mounted on the cartridge is a non-volatile mem- 
ory 60. This memory can be in the form of RAM with 
a permanent supply battery. One non-voltaile mem- 
ory that can be used is Dallas Semiconductor "Mem- 
ory Button", part series 199x. The unit is a small bat- 
tery-like can having two seperable electrically con- 
ductive surfaces (60a and 60b). A two point electrical 
communication format allows for the communication 
to the battery-backed memory element in the device. 
Two electrically separated contacts disposed within 
the printer provide a communication link between the 
printer and cartridge when the cartridge is inserted 
into the printer. Sets of other electrical components 
can be assembled into the cartridge to provide non- 
volatile data storages. Communication between the 
smart cartridge and printer can be accomplished us- 
ing two or more wires or by the use of opto-electrical 
or radio frequency communication. 

Both the supply spool 20 and take-up spool 22 
are identical in construction and so only one need be 
described. Each of these spools includes a cylindrical 
portion 38 about which the web-type carrier 14 is 
wound. Guard members 39 and 40 are respectively 
secured to the opposite ends of the central portion 
38. Their purpose is to align the spooled carrier 1 4 be- 
tween them. As shown, the spindles 36 extend out- 
wardly from their respective guide members 39 and 
40 and terminate in a free end. A gear member 24 is 
fixed to a spindle 36 and disposed between guide 
member 40 and the free end of a spindle 36. The gear 
24 tooth design is such that a portion extends out be- 
yond the face of the gear in a direction parallel to the 
axis of spindle 36. Two adjacent teeth form a groove 
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along the face of the gear 24 nearest to the free end 
of the spindle 36. Acoil spring 48 urges each spool so 
that the face grooves of the gears 24 engage ribs 50 
formed on flange 34b to prevent the spools from ro- 
tating when the cartridge is removed from the printer. 5 
This is especially advantageous during handling as it 
prevents the carrier 14 from unwinding. 

When the cartridge is inserted into the printer, 
such as disclosed in commonly assigned U.S. Patent 
No. 4,723,133 to Walter, the non-volatile memory is w 
electrically connected to the n computer 1 7 as shown. 

The operation of the u. computer 1 7 for controlling 
the operation of the printer 10 will now be explained 
with reference to the flowchart of FIG. 5. 

The non-volatile memory 60 can be preprogram- 15 
med with a counter that indicates the number of sets 
remaining to be used. It will also contain color-adjust- 
ment data which will be transferred into RAM memory 
of microcomputer 17 to change the color and contrast 
information to modify the output color image based 20 
upon variations in the color dye density of the colored 
dye frames of the receiver from desired levels. For a 
more complete discussion of color signal processing 
which can be used in accordance with this invention, 
reference is made to commonly assigned U.S. Patent 25 
No. 4,786,917 to Hauschild et al, the disclosure of 
which is incorporated by reference herein. 

Other functions are also initialized, but they will 
not be discussed since they are not necessary to un- 
derstand the invention. The mechanism 15 advances 30 
the carrier until, in response to start of set signals pro- 
vided by threshold detectors 17a and 17b, after the 
microprocessor 1 7 recognizes a start of series signal , 
it decrements the number of series remaining counter 
in memory 60. The carrier has been preexamined and 35 
a defect location map is stored in the memory 60 
which indicates the location or position of each defec- 
tive series of frames in the carrier 14. If a series is de- 
fective, and the cartridge is out of usable carrier (the 
number of sets remaining is "0"), the \i computer 17 40 
signals an indication on a display (not shown) that the 
cartridge 30 needs to be replaced. If a set remains, 
then the u. computer 17 causes the drive mechanism 
to advance the carrier and the above process is re- 
peated. When a series is not defective, the printer 10 45 
would print an image in a receiver 12 as discussed 
above. During this time, the color correction data is 
used by the print head control circuitry to vary the ac- 
tuation time of resistors 50 of the print head 18 as is 
well known in the art. After the print is made, if a ser- so 
ies remains, the above process is repeated. If a non- 
defective carrier series does not remain, then thedis- 
play will be caused to indicate that the cartridge is out 
of usable carrier. 

When the cartridge 30 is removed from the prin- 55 
ter to make, for example, special colored prints, after 
it is replaced the carrier 14 will be advanced until the 
first fresh (non-used) and non-defective series is pre- 



sented under the print head 1 8. Everytime a cartridge 
is replaced, the above discussed initialization proc- 
ess takes place. 

The invention has been described in detail with 
particular reference to a certain preferred embodi- 
ment thereof, but it will be understood that variations 
and modifications can be effected within the spirit 
and scope of the invention. 



Claims 

1. A thermal printer which uses a cartridge contain- 
ing a dye carrier, such carrier having repeating 
series of spaced dye frames of different colors 
and a receiver which receives dye from a series 
of dye frames to form a colored image, such prin- 
ter including a print head having a plurality of se- 
lectively actuable elements, means for moving 
the carrier and the receiver along respective 
paths so as to sequentially move each dye frame 
of a series and the receiver relative to the print 
head so that as the elements are actuated, dye 
from each dye frame of a series is transferred to 
the receiver and forms a colored image in the re- 
ceiver, the improvement comprising: 

a) means for identifying each particular dye 
frame series in the carrier and producing a 
signal; 

b) non-volatile memory means associated 
with each cartridge and including data as to 
the location of each defective series of dye 
frames in the carrier; and 

c) computer means responsive to the identify- 
ing signals and the stored defective series in- 
formation for causing the carrier and receiver 
means to move only non-defective dye series 
frames in operative relation with the receiver 
when the print head is actuated. 

2. The thermal printer of claim 1 wherein the non- 
volatile memory includes color correcting data; 
and the computer means responds to such color 
correction data to adjust the actuation of the ele- 
ments to compensate for variations in color den- 
sity from desired levels. 

3. A thermal printer which uses a cartridge contain- 
ing a dye carrier, such carrier having repeating 
series of spaced dye frames of different colors 
and a receiver which receives dye from a series 
of dye frames to form a colored image, such prin- 
ter including a print head having a plurality of se- 
lectively actuable elements, means for moving 
the carrier and the receiver along respective 
paths so as to sequentially move each dye frame 
of a series and the receiver relative to the print 
head so that as the elements are actuated, dye 
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from each dye frame of a series is transferred to 
the receiver and forms a colored image in the re- 
ceiver, the improvement comprising: 

a) means for identifying each particular dye 
frame series in the carrier and producing a 5 
signal; 

b) non-volatile memory means associated 
with each cartridge and including color densi- 
ty correcting data; and 

c) computer means responsive to the color 10 
correcting data to adjust the actuation of the 
elements to compensate for variations in color 
density from desired levels. 

4. A thermal printer cartridge comprising: 1 5 

a) means for mounting a carrier having re- 
peating series of spaced dye frames; and 

b) non-volatile memory means mounted on 
the cartridge and including data representing 
information concerning the carrier. 20 

5. The cartridge of claim 4 wherein the data repre- 
sents location of each defective series of dye 
frames in the carrier. 

25 

6. The cartridge of claim 4 wherein the data repre- 
sents color density correcting data. 
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